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Executive Summary

The South Florida Water Management District (District) is conducting research focused on
determining the effectiveness and design criteria of potential advanced treatment techno-
logies to support reduction of phosphorus (P) loads in surface waters entering the remain-
ing Everglades. Periphyton-based stormwater treatment areas (PSTAs) are one of the ad-
vanced treatment technologies being researched by the District for potential application
downstream of the macrophyte-based stormwater treatment areas (STAs).

Twenty-four portable PSTA (Porta-PSTA) mesocosms were operated by the CH2M HILL
project team for approximately 18 months as part of the PSTA Research and Demonstration
Project sponsored by the District. Routine monitoring of the Porta-PSTAs was completed in
early October 2000. 

One aspect of the Porta-PSTA research was the documentation of input/output mass
balances for water and total phosphorus (TP). Mass balance work under the District contract
was solely dependent on calculated inflow and outflow data coupled with analysis of sedi-
ment and some of the biological data. With the support provided by the Florida Department
of Environmental Protection (FDEP), supplemental final mass balance “destructive” sam-
pling was conducted on 10 of the 24 Porta-PSTA mesocosms on February 13, 14, and 15,
2001, to better characterize the total mass of organic matter, P and calcium present in the
mesocosms. For this supplemental analysis study, the following Porta-PSTAs were sampled:

� Peat Treatment PP-3 (Tanks 12, 14, 17)
� Shellrock Treatment PP-4 (Tanks 3, 5, 10)
� Sand Control Treatments PP-7 and PP-17 (acid-washed) (Tanks 19, 20)
� No Substrate Control Treatment PP-18 (Tank 21)
� No Substrate Aquamat Control Treatment PP-19 (Tank 22)

Exhibit ES-1 presents a treatment summary of the total mass of TP, calcium, and ash-free
dry weight (AFDW) biomass (organic matter) present for each compartment in each Porta-
PSTA at the time of the final mass balance sampling.

AFDW Biomass
Macrophytes were the primary biomass compartment for the peat-soil mesocosms with
614 grams (g) AFDW/ per square meter (m2). Periphyton biomass in the peat treatment was
much lower, with an average of 78 grams AFDW/m2. The shellrock treatment biomass was
fairly evenly distributed between macrophytes and periphyton, with averages of 304 and
215 g AFDW/m2, respectively. The sand treatments had a more even distribution of AFDW
biomass between the periphyton and macrophyte compartments, with all averages near
200 g AFDW/m2. The non-soil control treatments had periphyton biomass (approximately
300 g AFDW/m2) slightly above the shellrock and sand soil treatments. Consumer biomass
was negligible compared to plant biomass in all treatments (1.3 g AFDW/m2 or less). Total 
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EXHIBIT ES-1
Summary of Porta-PSTA Final Mass Balance Sampling, February 2001

Treatment Number
Substrate

PP-3
Peat

PP-4
Shell

PP-7
Sand

PP-17
Sand

PP-18
None

PP-19
Aquamat

Biomass (g AFDW/m2)

Periphyton 78 215 249 177 296 309

Macrophytes 614 304 223 183 0 0

Consumers 0.9 0.1 0.3 0.0 1.3 2.0

Total 693 519 472 360 297 311

Total Phosphorus (mg/m2)

Water 6.1 4.1 4.0 6.9 3.4 3.6

Periphyton 95 391 626 220 184 273

Macrophytes 320 230 195 180 0 0

Consumers 5.3 0.1 2.5 0.0 5.7 9.1

Soil 9,460 270,701 5,625 5,675 0 0

Total 9,886 271,327 6,453 6,082 193 285

Calcium (g/m2)

Periphyton 15.1 202.9 235.8 116.8 268.5 295.4

Macrophytes 4.8 11.0 1.4 2.2 0 0

Consumers 0.2 0.0 0.1 0.0 0.8 1.0

Soil 8,730 43,663 834 216 0 0

Total 8,750 43,877 1,071 335 269 296

Number of replicates: PP-3 (3), PP-4 (3), PP-7 (1), PP-17 (1), PP-18 (1), PP-19 (1)

ending biomass in all treatments ranged from a low of 297 g AFDW/m2 in the non-soil
control tank to a high of 693 g AFDW/m2 in the peat mesocosms. 

Total Phosphorus
The soil compartment had the highest TP content for all media sampled in the Porta-PSTAs.
The shellrock treatment had the highest average soil TP (270,701 milligrams [mg] P/m2), the
peat soils averaged 9,886 mg P/m2, and the sand treatments had relatively equal soil TP
averages (5,625 and 5,675 mg P/m2). Excluding the soil compartment, periphyton (floating/
metaphyton, benthic, and wall mat) had the highest TP content in all treatments (varying
from 184 mg P/m2 to 626 mg P/m2), with the exception of the peat treatment. Macrophytes
were the next dominant TP component (after soil) in the peat treatment, with an average TP
of 320 mg P/m2. Consumer populations and water in the Porta-PSTA mesocosms have
relatively insignificant quantities of TP compared to the soil and plant components.
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Calcium
When present, the soil compartment had the highest calcium (Ca) content for all media
sampled in the Porta-PSTAs. The shellrock treatment had the highest average soil calcium
content (43,663 g Ca/m2), the peat-soil treatment averaged 8,730 g Ca/m2, and the two sand
treatments (PP-7 and PP-17) had 834 and 216 g Ca/m2, respectively. Excluding the soil
compartment, periphyton had the highest calcium content in all treatments. The peat
treatment had the lowest periphyton calcium content (15.1 g Ca/m2), while the Aquamat
treatment averaged 295 g Ca/m2. Consumers (primarily snails) accounted for a relatively
insignificant amount of calcium.
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SECTION 1

Introduction

1.1  Background
The South Florida Water Management District (District) is conducting research focused on
determining the effectiveness and design criteria of potential advanced treatment tech-
nologies to support reduction of phosphorus (P) loads in surface waters entering the
remaining Everglades. Periphyton-based stormwater treatment areas (PSTAs) are one of the
advanced treatment technologies being researched by the District for potential application
downstream of the macrophyte-based stormwater treatment areas (STAs).

Twenty-four Portable PSTA (Porta-PSTA) mesocosms were operated and studied by the
CH2M HILL project team for approximately 18 months as part of the PSTA Research and
Demonstration Project sponsored by the District (Contract C-E8624). Monitoring of the
Porta-PSTAs began in April 1999 and was completed in early October 2000. These meso-
cosms are located within the District’s Everglades Nutrient Removal (ENR) project area at
the South Advanced Technology Research Compound, and represent the smallest scale of
PSTA research. For this reason, they are the only PSTA research platform (scale) that
reasonably could be completely sampled for a quantitative final assessment of biomass, P,
and calcium. Larger mesocosms (PSTA Test Cells) were monitored for approximately
26 months (through March 2001) under the same District contract, and studies of Field-Scale
(demonstration) PSTAs are currently under start-up mode. 

One aspect of the Porta-PSTA research was the documentation of input/output mass
balances for water and total phosphorus (TP). Recommendations from the PSTA Scientific
Review Panel (SRP) and other project reviewers during the September 9 and 10, 2000, and
the January 13 and 14, 2001, SRP workshops included performance of final mass (destruc-
tive) sampling of a subset of the Porta-PSTAs to support the mass balance analyses. Mass
balance sampling included organic matter, P, and calcium for all living and non-living
components of the mesocosms.

Final mass balance sampling was conducted on 10 representative Porta-PSTA mesocosms
on February 13, 14, and 15, 2001. This report documents the results from the Porta-PSTA
mass balance study.

1.2  Project Objectives
This study had two primary objectives:

1. To quantify the ending mass of TP in the various potential storage media within a subset
of the Porta-PSTAs 

2. To support mass balance assessments previously based solely on input and output
information.

Also of interest were the final masses of organic matter (biomass) and calcium (because of
its association with P mineral storages) in the PSTA mesocosms.
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SECTION 2

Description of the Study Site

The Porta-PSTA mesocosms are located within the District’s ENR project, as shown in
Exhibit 2-1. The tanks are 1 x 6 meters in size (6 m2 surface area) and 1 meter deep, and are
constructed of fiberglass. For this study, the following 10 Porta-PSTAs were destructively
sampled:

� Peat Treatment PP-3 (Tanks 12, 14, 17)
� Shellrock Treatment PP-4 (Tanks 3, 5, 10)
� Sand Control Treatments PP-7 and PP-17 (acid-washed) (Tanks 19, 20)
� No Substrate Control Treatments PP-18 and PP-19 (Tanks 21, 22)

The rationale for this selection was that treatments PP-3, PP-4, and PP-7 had been contin-
uously operated with only a single operational change (water depth lowering) throughout
the 18-month study period. These three treatments represent the most likely configuration
envisioned for a full-scale PSTA (i.e., sparse macrophytes with periphyton growing on one
or more of the following soils: peat, sand, or calcium-rich [limerock or shellrock]).
Treatment PP-17 was sampled for comparison to PP-7 and to have a second sand-based tank
in the study, and treatments PP-18 and PP-19 were sampled as non-soil controls.
Treatments PP-17, PP-18, and PP-19 had only been operated during the Phase 2 period
(approximately 6 months), while the other treatments had been operated nearly
continuously for the full 18 months. 



Phases 1 & 2:
ENR - Porta PSTAs
and Test Cell PSTAs

Phase 2:
Field Scale Pilot
PSTAs (west of
STA 2, Cell 3)

PSTA  Research & Demonstration Project Sites
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SECTION 3

Sampling Methods and Analytical Procedures

3.1 Field Methods 
Sampling methods were based on those specified in the PSTA Research Plan (CH2M HILL,
April 2001) and further detailed in the Porta-PSTA Mass Balance (Destructive) Sampling Plan
(CH2M HILL, February 2001). 

Each of the following compartments in the 10 Porta-PSTAs were sampled as units:

� Floating Periphyton Mat and Metaphyton: All floating periphyton mat and metaphy-
ton were removed from the 10 Porta-PSTAs with an aquarium net and by hand and then
homogenized prior to analysis. The total volume of slurry was estimated and then
subsampled for TP, total inorganic phosphorus (TIP), calcium (Ca), dry weight (DW),
and ash-free dry weight (AFDW) analyses.

� Wall Periphyton: Periphyton was removed from the Porta-PSTA tank walls for
estimation of the wet volume. After mixing, the periphyton was subsampled for TP, TIP,
Ca, DW, and AFDW analyses. Periphyton wet volume was determined by gravity
drainage of excess water and measurement in a volumetric cylinder.

� Benthic Periphyton: The benthic periphyton was removed from each of the 10 Porta-
PSTAs by hand for estimation of wet volume. After homogenization, the periphyton was
subsampled for TP, TIP, Ca, DW, and AFDW analyses.

� End Wall Periphyton Taxonomy: Samples of periphyton from the Porta-PSTA outflow
endwalls were removed by scraping a known area of 0.0165 m2, the volume estimated
and the sample submitted to the laboratory for taxonomic analysis (diatoms only). The
purpose of this taxonomic analysis was to provide data for possible correlation to Porta-
PSTA outflow TP concentrations.

� Macrophyte Harvesting: All macrophytes (including both submerged aquatic vegeta-
tion [SAV] and emergent plants) from the 10 Porta-PSTAs were removed and rinsed
before determination of total wet weight. A subsample of this macrophyte biomass was
divided into above- and belowground portions, which were then weighed wet to
determine a root:shoot ratio. Subsamples from each macrophyte portion from each tank
were sumitted for analysis of TP, Ca, DW and AFDW.

� Grazers (Snails, Fish, etc.): All grazers observed in each of the 10 Porta-PSTAs were
collected as a single sample for analysis from each tank. The consumers were analyzed
for TP, Ca, DW, and AFDW.

� Sediments: Soils were collected at two depths (0- to 10-centimeter [cm] and 10- to 20-cm
increments) using a small shovel and composited from a minimum of 10 locations
within each of the 8 soil-based Porta-PSTAs. These composite samples were subsampled
for estimates of bulk density, percent solids, TP, TIP, and Ca.
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� Macrophyte Stem Counts: Emergent plant stems were counted and then divided into
live and dead subgroups. Stems that were green above the water level were classified as
live; stems that were predominantly brown above the water level were classified as
dead.

� Horizon Markers: Feldspar horizon markers were originally placed in each of the
substrate treatment Porta-PSTAs to quantify soil accumulation rate. Soils were cored at
each of the horizon markers, and any soil over the horizon marker was to be measured
and collected for analysis. None of the horizon markers in the Porta-PSTAs were evident
at the time of final mass balance sampling.

In addition to the media listed above, inflow and outflow water was sampled on February
13, 2001, for all 24 of the Porta-PSTAs. Data from these samples were used to assess the TP
in the surface water present in each tank at the time of sampling.

Except for soils and water, each compartment was completely sampled and homogenized,
measured (wet weight and/or volume), and subsampled for gravimetric and chemical
analyses. Two subsamples were analyzed for each of the three periphyton components
(excludes endwall periphyton), for the macrophytes, and for each of the soil compartments.
Grazers were entirely consumed in a single sample for analysis. Soil samples were
composited from a minimum of 10 locations in each tank, and the composited samples were
subsampled for analyses. A summary of the analytical parameters by matrix is provided in
Exhibit 3-1.

EXHIBIT 3-1
Analytical Parameters for the Porta-PSTA Final Mass Balance Sampling

Parameters and Number of Samples

Media
No. of
 Cells TP TIP Tax Ca DW AFDW

Wet
Bulk

Density
%

Solids
Floating Periphyton/Metaphyton 10 X X X X X

Consumers (snails, fish, etc.) 10 X X X X X

Wall Periphyton 10 X X X X X

Benthic Periphyton 10 X X X X X

Endwall Periphyton 10 X

Macrophytes- above Ground 8 X X X X X

Macrophytes- below Ground 8 X X X X X

Sediments  (0–10 cm) 8 X X X X X

                   (10–20 cm) 8 X X X X X

3.2  Field and Analytical Team Members
CH2M HILL personnel collected the Porta-PSTA destructive samples in accordance with
CH2M HILL’s Comprehensive Quality Assurance Plan (CompQAP) No. 910036G. In
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addition, Wetland Solutions, Inc., (WSI) personnel participated in sample collection in
accordance with WSI’s CompQAP No. (21003). District staff also participated in the efforts.

Analytical work was conducted by the following laboratories:

� University of Florida Institute of Food and Agricultural Sciences (IFAS) (CompQAP
No. 910051) (all P analyses)

� PPB Laboratories (CompQAP No. 870017-19) (DW, AFDW, and calcium)

� Law Engineering (CompQAP No. 950024) (bulk densities)

� Water and Air Research (WAR) (CompQAP No. 900211-15) (diatom taxonomic analyses)

A detailed breakdown of parameters by laboratory and analytical methods can be reviewed
in the Porta-PSTA Mass Balance (Destructive) Sampling Plan (CH2M HILL, February 2001).

3.3  Quality Control
All quality control (QC) protocols outline in the Porta-PSTA Mass Balance (Destructive)
Sampling Plan (CH2M HILL, February 2001) were followed. These included:

� Field QC samples

� Sample management – sample labels, custody, and handling

� Field recordkeeping

� Data management
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SECTION 4

Results

Detailed summary tables quantifying the total mass of TP, calcium, and carbon (organic
matter) present in each sampled compartment for each of the Porta-PSTA treatments are
presented in Appendix A. Field sheets and chain of custody forms are presented in
Appendix B. Detailed lab reports from PPB (including Law Engineering results), IFAS, and
WAR are provided in Appendices C, D, and E, respectively.

4.1  Water
Exhibit 4-1 summarizes the P water final mass balance results for each of the Porta-PSTA
treatments monitored during destructive sampling. Inflow water quality samples were
collected from the Porta-PSTA head tank and resulted in an average TP inflow concentration
of 0.020 grams per cubic meter (g/m3) (equivalent to milligrams per liter [mg/L]). Average
Porta-PSTA TP outflow concentrations ranged from 0.011 g/m3 to 0.021 g/m3, with Porta-
PSTA treatments PP-3 (Peat) and PP-17 (Sand) having the higher TP concentrations. PP-3 also
exhibited a higher average total particulate phosphorus (TPP) concentration (0.013 g/m3)
compared to the other treatments sampled (0.002 to 0.007 g/m3). Water total mass amounts
were estimated based on outflow concentration alone, assuming a relatively well mixed
hydraulic condition in the tanks.

4.2  Periphyton
Exhibit 4-2 summarizes the average mass of TP, calcium, and biomass in the periphyton
compartment for each Porta-PSTA treatment at the time of sampling. 

Exhibit 4-3 illustrates the total mass of periphyton TP and the percentage found in each
compartment for each of the treatments. The benthic mat generally had the highest average
mass of TP, compared to the floating mat/metaphyton and wall mat. The benthic mat TP
ranged from 68.7 mg P/m2 in the peat treatment (PP-3) to 558 mg P/m2 in the sand treat-
ment (PP-7). The total average periphyton TP varied from 95 mg P/m2 in the peat treatment
to 626 mg P/m2 in the sand treatment. The average periphyton TP in the floating mat/
metaphyton and wall mat component did not fluctuate between treatments as much as the
benthic mat samples. The floating mat/metaphyton samples varied from 17.5 mg P/m2 in
the peat treatment to 86.1 mg P/m2 in the Aquamat treatment (PP-19). The acid-rinsed sand
treatment (PP-17) had the lowest wall mat TP value (2.3 mg P/m2), while the shellrock
treatment (PP-4) averaged 35.3 mg P/m2.

Exhibit 4-4 illustrates the average calcium content in periphyton samples and the percentage
found in each compartment for each of the treatments. The benthic mat generally had the
highest average calcium values, compared to the floating mat/metaphyton and wall mat. 
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EXHIBIT 4-1
Porta-PSTA Water Final Mass Balance Sampling, February 2001

Treatment No.

Soil Type
Water Depth (m)

PP-3
Peat
0.31

PP-4
Shellrock

0.37

PP-7
Sand
0.37

PP-17
Sand
0.33

PP-18
None
0.31

PP-19
Aquamat

0.33

Inflow Water (g/m3)   

TP  0.020 0.020 0.020 0.020 0.020 0.020

TDP  0.009 0.009 0.009 0.009 0.009 0.009

DRP 0.006 0.006 0.006 0.006 0.006 0.006

DOP 0.004 0.004 0.004 0.004 0.004 0.004

TPP 0.010 0.010 0.010 0.010 0.010 0.010

Outflow Water (g/m3)

TP 0.021 0.011 0.011 0.021 0.011 0.011

TDP 0.008 0.007 0.007 0.014 0.009 0.007

DRP 0.003 0.003 0.001 0.003 0.003 0.001

DOP 0.005 0.004 0.006 0.011 0.006 0.006

TPP 0.013 0.004 0.004 0.007 0.002 0.004

Phosphorus (mg/m2)a   

TP 6.05 4.10 4.03 6.88 3.44 3.59

TDP 2.33 2.61 2.56 4.58 2.82 2.29

DRP 0.95 1.00 0.37 0.98 0.94 0.33

DOP 1.38 1.62 2.20 3.60 1.88 1.96

TPP 3.72 1.49 1.46 2.29 0.63 1.31

Notes:
aPhosphorus in water column based on outflow concentration only.
TP = total phosphorus
TDP = total dissolved phosphorus
DRP = dissolved reactive phosphorus
DOP = dissolved organic phosphorus
TPP = total particulate phosphorus



Exhibit 4-2
Porta-PSTA Periphyton Final Mass Balance Sampling, February 2001
Treatment No. PP-3 PP-4 PP-7 PP-17 PP-18 PP-19
Soil Type Peat Shellrock Sand Sand None AquaMat
Tank Bottom Area (m2) 6 6 6 6 6 6
Dry Weight (g/m2)   
   Floating Mat/Metaphyton 25.2 158.2 238.8 229.9 386.0 482.5
   Benthic Mat 92.4 552.4 1814.3 810.2 622.0 534.6
   Wall Mat 17.2 185.4 116.4 3.3 137.4 203.0
   Total 134.8 896.0 2169.5 1043.4 1145.5 1220.0
Wet Weight (g/m2)   
   Floating Mat/Metaphyton 535 3,121 2,835 3,250 5,443 7,408
   Benthic Mat 1,473 6,312 13,155 7,485 10,205 8,997
   Wall Mat 190 2,427 1,058 378 2,248 4,083
   Total 2,197 11,861 17,048 11,113 17,897 20,488
Ash-Free Dry Weight (g/m2)   
   Floating Mat/Metaphyton 13.0 40.0 58.8 54.6 99.4 126.8
   Benthic Mat 58.3 121.7 167.5 121.2 160.7 129.4
   Wall Mat 6.7 52.9 23.1 1.2 35.6 52.6
   Total 78.0 214.7 249.4 177.0 295.7 308.7
Ash Weight (g/m2)   
   Floating Mat/Metaphyton 12.2 118.2 180.1 175.3 286.7 355.7
   Benthic Mat 34.1 430.6 1645.5 688.4 461.3 383.4
   Wall Mat 10.5 132.5 93.2 19.0 101.9 150.4
   Total 56.7 681.3 1918.9 882.8 849.8 889.4
Total Phosphorus (mg/m2)   
   Floating Mat/Metaphyton 17.5 48.8 53.4 65.0 66.8 86.1
   Benthic Mat 68.7 307.4 554.7 152.3 96.0 151.5
   Wall Mat 8.8 35.3 18.3 2.3 21.0 35.1
   Total 95.0 391.5 626.5 219.6 183.7 272.6
Total Phosphorus (mg/kg)   
   Floating Mat/Metaphyton 564 296 225 283 173 178
   Benthic Mat 738 558 307 185 284 283
   Wall Mat 496 219 157 678 153 173
   Average 561 435 289 210 230 223
TIP (mg/m2)   
   Floating Mat/Metaphyton 2.71 20.43 7.38 10.38 17.17 31.06
   Benthic Mat 11.94 131.45 36.16 32.42 28.55 48.70
   Wall Mat 1.27 12.95 2.33 0.22 2.98 8.36
   Total 15.92 164.84 45.87 43.01 48.71 88.13
TIP (mg/kg)   
   Floating Mat/Metaphyton 78.81 121.45 31.67 45.09 44.51 64.44
   Benthic Mat 128.41 238.51 19.82 40.74 45.60 91.13
   Wall Mat 80.47 74.40 20.40 84.01 21.66 42.05
   Average  94.05 179.85 21.14 41.23 42.52 72.23
Calcium (g/m2)   
   Floating Mat/Metaphyton 4.2 40.4 44.7 43.6 89.7 108.3
   Benthic Mat 7.3 99.7 167.7 72.5 145.7 136.5
   Wall Mat 3.6 62.7 23.3 0.6 33.2 50.6
   Total 15.1 202.9 235.8 116.8 268.5 295.4
Calcium (mg/kg)   
   Floating Mat/Metaphyton 199818 250882 207921 189564 232154 224525
   Benthic Mat 78291 181129 91916 90587 235844 255084
   Wall Mat 210292 326136 217385 195045 241271 249609
   Total 151798 218420 108669 111911 234435 242109
Note:
Number of replicates: PP-3 (3), PP-4 (3), PP-7 (1), PP-17 (1), PP-18 (1), PP-19 (1)
TIP = total inorganic phosphorus
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Exhibit 4-3
TP Content for each Periphyton Compartment for the Porta-PSTA Treatments
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Exhibit 4-4
Calcium Content for each Periphyton Compartment for the Porta-PSTA Treatments
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The benthic mat calcium varied from 7.3 g Ca/m2 in the peat treatment to 168 g Ca/m2 in
the sand treatment. The Aquamat treatment had the highest estimated total average peri-
phyton calcium content (295 mg Ca/m2), while the peat treatment averaged 15.1 g Ca/m2.
The Aquamat treatment also displayed the highest average calcium content in its floating
mat samples (108 g Ca/m2) compared to the other treatments.

Exhibit 4-5 illustrates the periphyton AFDW biomass and the percentage found in each
compartment for each of the treatments. With the exception of the Aquamat treatment, the
benthic mat generally had the highest average AFDW biomass, compared to the floating
mat/metaphyton and wall mat. The benthic mat AFDW biomass varied from 58.3 g
AFDW/m2 in the peat treatment to 168 g AFDW/m2 in the sand treatment. There was no
difference between the average AFDW biomass for the benthic mat (129 g AFDW/m2) and
floating mat (129 g AFDW/m2) in the Aquamat treatment. The total periphyton AFDW
biomass varied from 78.0 g Ca/m2 in the peat treatment to 309 g Ca/m2 in the Aquamat
treatment. The Aquamat treatment had the highest floating mat/metaphyton AFDW bio-
mass (127 mg AFDW/m2), while the peat treatment averaged 13.0 g AFDW/m2. The wall
mat samples varied from 1.2 g AFDW/m2 in the acid-rinsed sand treatment to 52.9 g
AFDW/m2 in the shellrock treatment.

4.3  Macrophytes
Exhibit 4-6 summarizes the average mass of TP, calcium, and biomass present in the macro-
phyte compartment for each Porta-PSTA treatment with macrophytes at the time of samp-
ling.

Exhibit 4-7 illustrates the total mass of macrophyte TP and the percentage found in the
aboveground and belowground portions for each of the treatments. There were no signi-
ficant TP mass differences between the aboveground and belowground portions for each
treatment. The peat and shellrock treatments (PP-3 at 320 mg P/m2 , and  PP-4 at 231 mg
P/m2, respectively) displayed higher total macrophyte TP mass than the sand treatments
(PP-7 at 195 mg P/m2, and PP-17 at 180 mg P/m2).

Exhibit 4-8 illustrates the average calcium content in macrophyte samples and the percen-
tage found in the aboveground and belowground portions for each of the treatments. The
aboveground portion displayed higher calcium values for all treatments except the shellrock
treatment, which had higher levels in the belowground portion. The shellrock treatment
also exhibited the highest total calcium content for the total macrophyte sample
(11 g Ca/m2).

Exhibit 4-9 illustrates the macrophyte AFDW biomass and the percentage found in the
aboveground and belowground portions of each treatment. The aboveground portion
displayed higher average AFDW biomass, compared to the belowground portion for each
treatment. The total AFDW biomass (aboveground and belowground) varied from
183 g AFDW/m2 in the acid-rinsed sand treatment to 614 g AFDW/m2 in the peat
treatment.



Exhibit 4-5
Ash-Free Dry Weight Biomass for each Periphyton Compartment for the Porta-PSTA Treatments
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Exhibit 4-6
Porta-PSTA Macrophyte Final Mass Balance Sampling, February 2001
Treatment No. PP-3 PP-4 PP-7 PP-17
Soil Type Peat Shellrock Sand Sand
Tank Bottom Area (m2) 6 6 6 6
Total Phosphorus (mg/m2)   
   Aboveground 178.6 135.2 87.9 88.4
   Belowground 141.0 95.3 106.8 91.9
   Total 319.7 230.5 194.7 180.3
Total Phosphorus (mg/kg)   
   Aboveground 335.3 558.0 509.6 586.5
   Belowground 876.0 976.9 1,333.6 1,277.5
   Average 605.7 767.4 921.6 932.0
Wet Weight (g/m2)   
   Aboveground 3,315.6 1,582.0 829.6 626.6
   Belowground 1,365.2 737.0 663.7 476.8
   Total 4,691.0 2,317.2 1,493.3 1,103.3
Dry Weight (g/m2)   
   Aboveground 526.1 277.4 173.1 153.1
   Belowground 161.9 103.6 79.8 71.8
   Total 688.0 381.0 252.9 224.9
Ash-Free Dry Weight (g/m2)   
   Aboveground 470.6 240.8 152.6 123.9
   Belowground 143.6 63.6 70.0 59.2
   Total 614.3 304.4 222.7 183.1
Ash-Weight (g/m2)   
   Aboveground 55.4 36.6 20.4 29.2
   Belowground 18.3 40.0 9.8 12.6
   Total 73.7 76.7 30.2 41.8
Calcium (g/m2)   
   Aboveground 3.48 4.49 0.94 1.65
   Belowground 1.32 6.52 0.45 0.54
   Total 4.80 11.01 1.39 2.20
Calcium (mg/kg)   
   Aboveground 6,730 17,190 5,425 11,025
   Belowground 7,448 60,300 5,600 7,560
   Average 7,119 30,602 5,500 9,767
Stem Counts (#/m2)   
   Live 158 89 --- ---
   Dead 364 119 --- ---
   Total 522 208 --- ---
Notes:
Number of replicates: PP-3 (3), PP-4 (3), PP-7 (1), PP-17 (1)
 -- = not sampled
Stem counts made only in emergent vegetation.
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Exhibit 4-7
TP Content for each Macrophyte Compartment for the Porta-PSTA Treatments
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Exhibit 4-8
Calcium Content for each Macrophyte Compartment for the Porta-PSTA Treatments
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Exhibit 4-9
Ash-Free Dry Weight Biomass for each Macrophyte Compartment for the Porta-PSTA Treatments
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4.4  Consumers
Exhibits 4-10 and 4-11 summarize the average mass of TP, calcium, and carbon present in
the consumers collected from each of the Porta-PSTAs at the time of sampling. Consumers
collected from the Aquamat treatment had higher mass of TP, calcium, and AFDW biomass
compared to the other treatments. Average consumer TP estimates from all treatments
varied from 0.01 mg P/m2 in the acid-rinsed sand treatment (PP-17) to 9.07 mg P/m2 in the
Aquamat treatment (PP-19). The acid-rinsed sand treatment also had the lowest consumer
calcium content and AFDW biomass estimate (0.008 g Ca/m2 and 0.02 g AFDW/m2,
respectively) in comparison with the other treatments. The Aquamat treatment had the
highest consumer calcium content and AFDW biomass estimate (1.03 g Ca/m2 and 2.01 g
AFDW/m2, respectively).

EXHIBIT  4-10
Porta-PSTA Consumer Final Mass Balance Sampling, February 2001

Treatment No.

Soil Type
Tank Bottom Area (m2)

PP-3
Peat

6

PP-4
Shellrock

6

PP-7
Sand

6

PP-17
Sand

6

PP-18
None

6

PP-19
Aquamat

6

Total Phosphorus (mg/m2) 5.33 0.15 2.47 0.01 5.69 9.07

Total Phosphorus (mg/kg) 2402.1 570.7 4066.7 160.6 1466.3 2714.5

Calcium (g/m2) 0.19 0.03 0.089 0.008 0.767 1.031

Calcium (mg/kg) 112595 90320 146336 175425 197518 308686

Wet Weight (g/m2) 22.50 12.39 15.50 6.50 24.83 26.50

Dry Weight (g/m2) 1.18 0.30 0.61 0.04 3.88 3.34

Ash Weight (g/m2) 0.24 0.19 0.34 0.02 2.55 1.33

Ash-Free Dry Weight (g/m2) 0.94 0.12 0.27 0.02 1.33 2.01

4.5  Sediments
Exhibit 4-12 summarizes the average mass of TP, calcium, percent solids, and bulk density
in the upper soil layer (0 to 10 cm) and lower soil layer (10 to 20 cm) for each Porta-PSTA at
the time of sampling.

Exhibit 4-13 illustrates the total mass of soil TP and the percentage found in the upper and
lower layers for each of the treatments. There was generally little difference in soil TP con-
tent between the two layers for each treatment. The peat treatment (PP-3) had slightly
higher TP levels in the lower soil layer (5,572 mg P/m2) than in the surface layer (3,887 mg
P/m2). The shellrock treatment (PP-4) had a higher total soil TP (270,701 mg P/m2) than in
the peat (9,460 mg P/m2), and sand treatments (PP-7 at 5,625 mg P/m2 and PP-17 5,675 mg
P/m2).



Exhibit 4-11
Total Mass of TP, Calcium, and Ash-Free Dry Weight Biomass Estimated in Consumers Collected from Porta-PSTA Mesocosms
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Exhibit 4-12
Porta-PSTA Soil Final Mass Balance Sampling, February 2001
Treatment No. PP-3 PP-4 PP-7 PP-17
Soil Type Peat Shellrock Sand Sand
Tank Bottom Area (m2) 6 6 6 6
Total Phosphorus (mg/m2)   
   Upper (0-10 cm) 3,887 137,195 3,176 2,463
   Lower (10-20 cm) 5,572 133,506 2,450 3,212
   Total 9,460 270,701 5,625 5,675
Total Phosphorus (mg/kg)   
   Upper (0-10 cm) 122.13 996.10 23.88 18.41
   Lower (10-20 cm) 135.80 925.17 16.28 20.34
   Average (0-20 cm) 128.97 960.63 20.08 19.37
TIP (mg/m2)   
   Upper (0-10 cm) 3,244 128,592 1,384 1,361
   Lower (10-20 cm) 3,926 127,306 1,356 1,086
   Total 7,170 255,899 2,740 2,447
TIP (mg/kg)   
   Upper (0-10 cm) 93.70 970.54 10.48 9.79
   Lower (10-20 cm) 94.83 905.41 9.17 6.83
   Average (0-20 cm) 94.26 937.97 9.83 8.31
Calcium (g/m2)   
   Upper (0-10 cm) 4,028 19,879 744 83
   Lower (10-20 cm) 4,702 23,784 90 133
   Total 8,730 43,663 834 216
Calcium (mg/kg)   
   Upper (0-10 cm) 130,465 143,833 5,595 624
   Lower (10-20 cm) 114,600 163,833 597 844
   Average (0-20 cm) 122,533 153,833 3,096 734
Percent Solids   
   Upper (0-10 cm) 28.32 68.83 73.45 83.20
   Lower (10-20 cm) 28.22 79.00 80.90 80.20
   Average (0-20 cm) 28.27 73.92 77.18 81.70
Dry Bulk Density (g/cm3)   
   Upper (0-10 cm) 0.32 1.38 1.33 1.34
   Lower (10-20 cm) 0.41 1.45 1.51 1.58
   Average (0-20 cm) 0.36 1.41 1.42 1.46
Number of replicates: PP-3 (3), PP-4 (3), PP-7 (1), PP-17 (1)
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Exhibit 4-13
Total Phosphorus Content from the Upper (0-10 cm) and Lower (10-20 cm) Soil Layers in the Porta-PSTA Treatments
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Exhibit 4-14 displays the average total calcium content and the percentage found in the
upper and lower soil layers sampled in each of the treatments. The calcium content was
estimated at relatively equal proportions in the upper and lower layers for both the peat and
shellrock treatments, with the highest total soil calcium from the shellrock treatment (PP-4
at 43,663 g Ca/m2). The acid-rinsed sand treatment had higher calcium levels in the lower
level (62 percent of total), with the lowest total soil calcium level (216 g Ca/m2) of all
measured treatments. The “non-rinsed” sand treatment had higher calcium levels in the
upper soil layer (89 percent of total), with total calcium content in both layers of 834 g
Ca/m2. 

Exhibit 4-15 illustrates the average soil bulk density for each treatment by soil layer. There
was no apparent difference between the upper and lower soil bulk densities for each of the
treatments sampled. The average bulk density for the peat treatment was the lowest at
0.36 g/cm3, while the shellrock and sand treatments (“non-rinsed” and acid-rinsed) were
generally the same, with average bulk densities of 1.41, 1.42, and 1.46 g/cm3 for PP-4, PP-7,
and PP-17, respectively.

4.6  Endwall Diatom Taxonomy
Exhibits 4-16 and 4-17 display a summary of diatom (phylum: Bacillariophyceae) occurrence
and density, respectively, on the Porta-PSTA tank downstream endwalls at the time of
sampling. The most common species observed within all sampled treatments were
Mastogloia spp., Fragilaria spp., and Achnanthes spp. The average diatom density was
greatest in the shellrock treatments, with tank 3 having the highest density (366,556
cells/cm2 of sampled wall area), followed by the sand treatment (PP-7 at 128,685 cells/cm2).
The lowest average density was observed in the peat treatments, with tank 12 having the
lowest density (2,990 cells/cm2).



Exhibit 4-14
Calcium Content from the Upper (0–10 cm) and Lower (10–20 cm) Soil Layers in the Porta-PSTA Treatments
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Exhibit 4-15
Bulk Density (g/cm3) for the Upper (0–10 cm) and Lower (10–20 cm) Soil Layers in the Porta-PSTA Treatments
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Exhibit 4-16
Diatom Occurrence on Porta-PSTA Downstream Endwalls, February 2001

Treatment Number PP-7 PP-17 PP-18 PP-19
Tank Number 12 14 17 3 5 10 19 20 21 22

Achnanthes  spp. 2 62.2 28.0 39.7 2.0 11.8 6.5 4.1 34.0 0.0 2.9
Amphipleura , spp. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0
Brachysira , spp. 2 1.4 0.8 2.8 9.4 3.3 4.0 0.5 0.0 0.4 0.8
Cyclotella , spp. 1 1.4 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Cymbella , spp. 2 5.5 12.1 4.9 14.2 18.3 5.1 13.6 11.9 11.6 5.5
Diploneis , spp. 2 1.4 1.2 0.7 0.8 1.2 0.4 0.2 0.0 0.2 0.2
Encyonema , spp. 6 6.8 4.7 4.2 19.8 49.2 10.1 11.1 15.3 14.7 9.2
Eunotia , spp. 2 1.4 3.9 0.7 0.4 0.8 2.0 0.0 0.0 0.0 0.0
Fragilaria , spp. 4 0.0 18.7 26.2 18.2 7.3 28.9 20.2 20.8 13.9 35.7
Gomphonema, spp. 4 5.5 3.5 2.1 1.2 0.4 1.2 0.4 2.0 0.6 2.0
Gyrosigmas , spp. 1 <0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mastogloia , spp. 3 6.8 9.3 11.3 29.8 3.9 24.3 46.8 2.5 49.0 34.4
Navicula , spp. 4 0.0 4.7 0.0 0.6 0.6 0.0 0.5 3.7 2.4 0.8
Nitzschia , spp. 8 8.2 11.7 6.4 3.5 3.5 17.4 1.8 9.6 7.3 7.9
Rhopalodia , spp. 1 0.0 1.2 0.7 0.0 0.0 0.2 0.4 0.0 0.0 0.0
Sellaphora , spp. 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8

Total 101 100 100 100 100 100 100 100 100 100
Number of Taxa 44 22 23 22 23 19 20 21 19 19 21

Shannon-Weaver Index 2.50 3.43 2.87 3.13 2.58 3.05 2.48 3.11 2.61 2.71
Evenness (H-Hmin)/(Hmax-Hmin) 0.456 0.732 0.598 0.658 0.572 0.676 0.520 0.707 0.578 0.577
Number of replicates: PP-3 (3), PP-4 (3), PP-7 (1), PP-17 (1), PP-18 (1), PP-19 (1)

Number of 
Species 
Included

PP-3 PP-4
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EXHIBIT 4-17
Diatom Density on Porta-PSTA Downstream Endwalls, February 2001

Cells/cm2

Treatment # Tank Soil Type Alive Dead Total Number
Organisms

PP-4 3 shell 277,473 89,084 366,556

PP-4 5 shell 5,902 2,208 8,110

PP-4 10 shell 28,150 14,786 42,935

PP-3 12 peat 1,993 997 2,990

PP-3 14 peat 6,821 3,816 10,637

PP-3 17 peat 4,640 1,664 6,304

PP-7 19 sand 99,307 29,378 128,685

PP-17 20 sand 22,650 6,960 29,610

PP-18 21 none 10,673 9,139 19,812

PP-19 22 Aquamat 58,124 30,376 88,500
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SECTION 5

Discussion and Conclusions

Final mass balance sampling (biomass, P, and calcium) was conducted on 10 of the 24 Porta-
PSTA tanks in February 2001. Mass balances are itemized in Section 4 for periphyton
components (floating/metaphyton, benthic, and wall), macrophytes (above- and below-
ground), consumers, soils (two depth increments), and water. Of particular interest to the
evaluation of the proposed PSTA technology for water quality treatment is the fate of P in
these mesocosms. This section briefly compares the estimated mass of P removed during the
Porta-PSTA study to the amount quantified at this final mass balance sampling. Quantities
of biomass and calcium that accumulated in these test systems were also estimated and
described below.

Exhibit 5-1 summarizes the estimated mass of TP loaded to and removed from each of the
Porta-PSTA treatments evaluated in this report. These amounts were estimated based on
detailed mass balance sampling from April 1999 through early October 2000 in these treat-
ments and have been extrapolated assuming the same inflow and outflow rates and TP
concentrations through the beginning of the mass balance sampling on February 13, 2001.

EXHIBIT 5-1
Porta-PSTA Water Mass Balance Estimates, April 1999–February 2001

TP (mg/L) MB_TP (mg/m2)

Treatment Number of days Inflow Outflow
Inflow
(m3/d)

Outflow
(m3/d) Inflow Outflow

Removal
(mg/m2) (%)

PP-3 673 0.026 0.018 0.44 0.42 1242 786 456 36.7

PP-4 673 0.026 0.016 0.45 0.46 1274 809 464 36.4

PP-7 673 0.026 0.017 0.44 0.42 1267 783 484 38.2

PP-17 302 0.031 0.014 0.45 0.48 728 338 390 53.6

PP-18 302 0.031 0.017 0.48 0.55 705 455 250 35.5

PP-19 302 0.031 0.015 0.48 0.52 701 398 303 43.2

Removal of TP was estimated between 456 and 484 mg P/m2 for the three treatments that
were conducted for the full 18-month study period and between 250 and 390 mg P/m2 for
the treatments that were conducted during the 6-month Phase 2 period only. Treatments
PP-3, PP-4, and PP-7 underwent significant initial releases of TP during their startup in
April and May 1999. The mass balances in Exhibit 5-1 for PP-17 do not reflect an initial
period of P release from newly flooded soils, and PP-18 and PP-19 had no soils.

Exhibit 5-2 summarizes the total biomass (AFDW) and TP measured in these same treat-
ments as part of this study. In several of the treatments (PP-3, PP-17, PP-18, and PP-19), the
amount of TP that has accumulated in the biotic components of periphyton, macrophytes,
and consumers is approximately equal to the total mass of TP removed from the water
column. More TP is in the biomass than was removed from the water column in two of the
treatments (PP-4 [shellrock soils] with 464 mg P/m2 removed compared to 626 mg P/m2 in
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biomass and treatment PP-7 [un-rinsed sand] with 484 mg P/m2 removed from the water
compared to 828 mg P/m2 in the final biomass). One possible explanation for this higher TP
mass is that some of the net TP accumulation in the biomass was derived from the soil TP
compartment.

EXHIBIT 5-2
Porta-PSTA Final Mass Balance Sampling, February 2001

Treatment Number
Substrate

PP-3
Peat

PP-4
Shell

PP-7
Sand

PP-17
Sand

PP-18
None

PP-19
Aquamat

Biomass (g AFDW/m2)

Periphyton 78 215 249 177 296 309

Macrophytes 614 304 223 183 0 0

Consumers 0.9 0.1 0.3 0.0 1.3 2.0

Total 693 519 472 360 297 311

Total Phosphorus (mg/m2)

Water 6.1 4.1 4.0 6.9 3.4 3.6

Periphyton 95 391 626 220 184 273

Macrophytes 320 230 195 180 0 0

Consumers 5.3 0.1 2.5 0.0 5.7 9.1

Total 426 626 828 407 193 285

Clearly the soil TP compartment overshadows the biotic TP compartments in the Porta-
PSTA treatments evaluated in this study. The soil is likely to be the principal source of
nutrients for the rooted macrophytic plants but not for periphyton. Changes in soil TP
content through the period of the entire 18-month study and differences between the lower
and upper soil level TP concentrations will be examined in the PSTA Research and Demon-
stration Project final report to further elucidate the transfer of P between the biotic and
abiotic components. Inclusion of non-soil Porta-PSTA treatments in this study has helped to
confirm that TP removal can be effective through the action of periphyton biotic uptake
alone. 

Biomass sampling determined that macrophytes were the dominant reserve of new organic
matter in the Porta-PSTAs at the end of this study. The macrophyte biomass (614 g
AFDW/m2) overshadowed the periphyton biomass(78 g AFDW/m2) in the peat-based
mesocosms, while in the shellrock and sand mesocosms, the amount of biomass in each
compartment was approximately equal (approximately 180 to 300 g AFDW/m2 for each
compartment). Periphyton biomass in the shellrock and sand treatments was slightly less
than the periphyton biomass that accumulated in the non-soil control tanks that had no
competing macrophytes (296 to 309 g AFDW/m2). Clearly, macrophyte dominance in the
peat mesocosms limited the sustainable amount of periphyton biomass. However, when
macrophyte biomass was relatively sparse because of less favorable soils, there was a
favorable and nearly even split between macrophyte and periphyton biomass. Consumer
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biomass was negligible compared to plant biomass in all treatments (1.3 g AFDW/m2 or
less).

The calcium content of the PSTA soils appeared to have little effect on the calcium content in
the periphyton. Shellrock soils had a calcium concentration of approximately 15 percent and
periphyton had approximately 22 percent. Peat soils averaged 12 percent calcium, and the
periphyton in the peat mesocosms averaged 15 percent%. The sand soils had 0.3% calcium
and the acid-rinsed sand soils had 0.07% calcium, yet periphyton in these tanks both had
about 11% calcium. The non-soil control tank periphyton had about 23 to 24% calcium.
These data indicate that calcium was principally accumulated in the periphyton from the
water column rather than from the soils.
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